Peptides ranging in size from a mean number of 30 residues down to dipeptides supported growth of a leucine auxotroph when used as both a nitrogen and leucine source. Under nitrogen-limiting conditions, the peptides induced extracellular peptidohydrolytic activity, hydrolyzing peptides to monomer amino acids. Growth of a leu-2 mutant of Neurospora crassa on those peptides transportable by the oligopeptide transport system did not result in induction of hydrolytic activity, whereas growth of a leu-2; gltR mutant on these same peptides resulted in induction of peptidohydrolytic activity. The induced extracellular proteolytic activity was shown to be analogous to that inducible by growth on proteins, e.g., bovine serum albumin.
We previously reported that peptides with a mean number of amino acid residues greater than five would not support growth of a leucine auxotroph (leu-2) of Neurospora crassa because this organism was unable to transport larger peptides (10) . The exception to this observation occurred when a minimal amount of growth was permitted, which presumably resulted in the production of extracellular peptidohydrolytic activity with subsequent digestion of the oligopeptides to transportable amino acids and small (three to five residue) peptides (10) .
Previous research on the regulation and biochemical characterization of the extracellular peptidohydrolases produced by N. crassa revealed three such enzymes, each inducible by extracellular proteins when the concentration of ammonia in the medium was limiting (1, (3) (4) (5) (6) .
We thus became interested in determining the lower size limit for a protein that could still serve as an inducer for extracellular peptidohydrolases in Neurospora. The double mutant leu-2; gltR strain reportedly lacks an oligopeptide transport system (11) and is unable to grow on any peptide as a source of leucine. Consequently, the leu-2; gltR strain could be used in a study in which small peptides (three to five residues) could be used as potential inducers of extracellular peptidohydrolytic activity, with the leu-2 strain serving as a wild-type control.
The peptides to be used as inducers in this study were obtained as previously described (10) by passage of a partial enzymatic digest of peptone, Neopeptone (Difco Laboratories), over a Sephadex G-15 column (100 by 2.5 cm) equilibrated with sodium phosphate buffer (0.01 M, pH 7.0) that also contained 0.1 M sodium chloride. The eluted peptides were collected as fractions, and their concentrations (1 to 2 mM) were determined with trinitrobenzene sulfonic acid (10) . The mean number of amino acid residues in peptides eluting in a given fraction was determined by the ratio of absorbance (trinitrobenzene sulfonic acid assay) before and after acid hydrolysis (10) .
Peptides from subsequent column runs were used in growth assays (3 days at 30°C) in which the peptides, of various sizes, were used as sole sources of leucine by leu-2 and leu-2; gltR strains in Vogel minimal medium N (9) supplemented with 2% (wt/vol) sucrose and 2 ml of each column fraction. The results of this assay are shown (Fig. 1A ) and are repeats of growth assays described earlier (10) . They are included in this paper to emphasize that the leu-2 strain will not grow on the larger peptides (fractions 20 through 24), but will grow on smaller peptides (five amino acid residues or fewer; fractions 25 through 29), whereas leu-2; gltR strains will not grow on any size peptide (free-leucine eluates in fraction 31) (10) (Fig. 1A) .
We determined the growth responses of these two mutant strains under equivalent conditions, except that ammonium nitrate was omitted from the Vogel salts solution (which we designated nitrogen-free) (Fig. 1B) . Thus, leu-2 and leu-2; gltR strains were forced to use the peptides as a source of both leucine and nitrogen. Note that under these conditions, both strains grew equally well on the peptides in a given fraction.
We reasoned that growth on these peptides under nitrogen-limiting conditions, i.e., without ammonium nitrate, might be due to secretion of extracellular peptidohydrolases. Therefore, we determined the presence of such enzymes in the medium of cultures grown on peptides of various sizes (Fig. 2) .
The presence of peptidohydrolytic activity (B) . Peptides eluting in the void volume had a mean residue number of 30, whereas peptides eluting in fraction 30 had a mean residue number of 1 to 2 (10) .
was determined by incubating portions (usually 1.0 ml) of the medium from each growth flask or of the concentrated medium (usually 0.1 ml) with 1 The leu-2 strain produced and secreted considerable extracellular peptidohydrolytic activity when grown on peptides ranging in size from 30 amino acid residues to those with a hydrodynamic volume just under that of tetralysine (fraction no. 24) (Fig. 2) . Note that the Sephadex G-15 column separates peptides based on their hydrodynamic volumes rather than on the number of residues. Hence tetralysine would occupy a greater volume than, for example, tetraleucine, because of its highly charged character. In this particular column separation, the mean number of amino acid residues (most probably heterogeneous in amino acid composition) for peptides eluting in fraction 24 would be approximately five (10) . Only minimal peptidohydrolytic activity was present in the leu-2 strain growth medium supplemented with peptides eluting in fractions 24 through 35, i.e., peptides with mean numbers of amino acid residues from five to one (monomer amino acid).
The double mutant leu-2; gltR strain also produced and secreted considerable extracellular peptidohydrolytic activity when grown on peptides ranging in size from 30 to 5 amino acid residues. In addition, however, this mutant also produced and secreted considerable hydrolytic activity when grown on the smaller peptides, ceasing production only when grown on the monomeric amino acids that began eluting from the column as fractions 30 and 31 (Fig. 2) .
The leu-2 strain ceased to secrete extracellular peptidohydrolytic activity in response to peptides in those fractions that supported its growth as leucine supplements (fractions 25 through 30). The leu-2 mutant has previously been shown to be capable of transporting peptides containing five or fewer amino acid residues via an oligopeptide transport system (11) . The double mutant leu-2; gltK lacks this oligopeptide transport system (11) and continued to produce and secrete extracellular peptidohydrolytic activity in response to all peptides in fractions 20 through 30 (Fig. 2) , ceasing when free amino acids began eluting from the column (fraction 31) (Fig. 1A ) (10) . We suggest from these and previous data that one of the limiting factors for a protein or peptide serving as an inducer of extracellular peptidohydrolytic activity in nitrogen-starved Neurospora cells lies in its transportability by the oligopeptide transport system and not in its size (number of amino acid residues). Peptides of five or fewer amino acid residues function as inducers so long as the organism is unable to transport them. Once a transportable peptide is produced, the organism can readily accumulate usable nitrogen and hence would no longer be nitrogen starved, and thus the conditions for induction would no longer be met (1, 6) . Note that only minimal levels of extracellular proteolytic activity are produced by Neurospora cells in the absence of an inducer or the presence of a readily usable nitrogen source, such as ammonium nitrate (4). It would be interesting to obtain a combination of the triple amino acid transportdeficient mutant pm-n; pm-g; pm-b and the leu-2; gltR mutant in which neither peptides (two to five residues) nor amino acids could be transported. Would such a complex mutant produce and secrete extracellular peptidohydrolases in response to induction by free amino acids under nitrogen starvation conditions? Or would a cell surface deaminase permit the accumulation of ammonium ions, leaving the respective keto acids in the medium (2)?
We undertook a preliminary investigation of the extracellular peptidohydrol!tic activity produced by leu-2 and leu-2; glt mutants in response to peptide inducers. Electrophoresis of the enzymes on cellulose acetate strips and digestion of skim milk in agar plates (data not shown) revealed activities similar to those produced with bovine serum albumin as inducer or with purified alkaline protease from Neurospora NOTES 1569 cells (7) . That the activity was inhibitable by phenylmethylsulfonyl fluoride and was immunologically cross-reactive with antibody produced against purified alkaline protease (Morris and Drucker, unpublished data) lead us to suggest that alkaline protease is one of the enzymes produced and secreted in response to peptide inducers. Finally, we subjected the oxidized B-chain of insulin to acid hydrolysis and extensive digestion by the extracellular peptidolydrolases induced by small peptides and subjected the products of both reactions to amino acid analysis. We found roughly equivalent amounts and numbers of free amino acids in both digestion products (data not shown) and suggest that the combined peptidohydrolytic activity is sufficient to produce usable free amino acids from peptides, thus permitting growth of these mutants.
